In the paper, we focus on the possibilities of neural network approach to assess the potential of Russia in achieving indicators of the sixth wave of innovation. The purpose of this study is to develop evolutionary algorithms and tools for neurofuzzy output of science-based assessments of the analysis and formation of scientific and technological areas and the List of critical technologies of the Russian Federation. In this paper, in the framework of the Foresight study, we used the results of expert seminars, as well as methods of remote study. Database mining tools are a class of hybrid systems of computational intelligence. The systems operate on the basis of the principles that are significantly different from data processing methods in conventional artificial neural networks relating to cognitive ("smart") technology. Such hybrid neurofuzzy systems possess the most powerful cognitive capacity (modelling of sensation and perception; pattern recognition, learning and memorizing of patterns in order to identify the knowledge of the data). Such systems have wider range of application than other methods of synthesis of fuzzy sets and neural networks. The effect of identifying patterns in the neural network model provides comprehensive heterogeneous parameters that are not sufficient when applied separately. Trained mental model will calculate the weight factors and identify diagnostic decision rules "If, then", in which certain indicators carry the weight load of the solution. The developed methods have found practical implementation in the development of the report (essay) in the Ministry of Education and Science of the Russian Federation within the framework of works on long-term forecast of the most important areas of scientific and technological development of the Russian Federation for the period until 2030.
Introduction
The current stage of technological progress is characterized by the birth of a new technological wave, under which according to Glazyev, is meant some set of paired productions that are about the same level of technical development. An economic system capable of self-reproduction process due to internal resources is being formed. In the long run, a scientific and technological progress passes by replacing the traditional way of new, innovative technology (Glazyev, et al., 1992) . In this regard, it became apparent that large projects on the choice of technology priorities at the national level require new approaches for obtaining objective assessments based on quantitative analysis of empirical data -statistical indicators, patent statistics, citation information, and others (Ahmetzhanova, et al., 2012) .
The study developed an automated information system consisting of modules that implement different classification methods to improve the accuracy of the forecast. An algorithm for constructing a neuro-fuzzy decision tree as a powerful evolutionary methodology for solving classification problems has been developed. It has the property of adaptation parameters using neural network modelling. In this paper, the focus is placed on the ability of the upgraded Foresight to assess the possibilities of Russia in achieving indicators of the fifth and sixth ways of innovation. The purpose of this study is to develop evolutionary algorithms and tools of neurofuzzy inference for science-based assessments of the analysis and the formation of scientific and technological areas and the list of critical technologies of the Russian Federation.
Subject and methodology of investigation
In this paper, in the framework of the Foresight study, we used the results of expert seminars, as well as methods of remote study -a special kind of study where experts do not work together. Every expert works individually and the collective opinion is produced by a special technology aimed at opinion integration. The technology involves individual work with each expert. Such work greatly accelerates achievement of the results. Such work required development of special databases containing the results of expert surveys, and compromise (generalized) assessment on the basis of individual views expressed during the expert seminars. This allows not only receiving a compilation of views, but also includes protection against manipulation with a significant reduction in examination time. Thus, there is often a situation where experts of different ranks have different views on the priority of certain technologies. Trying to find a compromise during meetings often leads to a deadlock. Moreover, the higher the rank of an expert, the more possible a situation when the deadlock appears. In this case, the following question arises: is it possible to reach a compromise without infringing on anyone's self-esteem? It turns out that remote technology expertise and decision-making allows avoiding all the pitfalls and deal with the problem (Gorbachev, et al., 2012) .
Participants of expert surveys and seminars were asked about the indicators that could be significant in the analysis of the transition to the sixth wave of innovation and development of the model aimed at a change in a wave of innovation. As a result, the main groups and indicators (macroeconomic, research and development, geographic, climatic, historical, innovation) were identified. The main groups and indicators allowed us to monitor and assess the dynamics and trends in the formation of a new wave of innovation at industries as part of the transition from a dominant technical specification to the next one.
In addition, to build an adequate trajectory model of fuel and energy resources (FER) it is appropriate to introduce in the group of studied parameters a qualitative component of growth -the index of primary resources productivity which is measured as the ratio of GDP to the cost of the consumed by economy primary raw materials.
To improve the quality of the forecast a simultaneous analysis of several available indicators (quantitative and qualitative) should be carried out. Thus, the development of a reference model of the trajectory of energy resources to macroeconomic performance indicators we added qualitative component of economic growth (the cost of primary raw materials), indicators of living standards, as well as -to reflect technological and innovative componentsindicators of innovation (Uzjakov, 2004) .
Results
Investigated countries, based on the neurons outputs during observation years, are divided into four main categories in terms of their FER, which takes a value of 1 for the reference level of FER to 0 for the minimum level of development. The growth rate of technical and economic activity for the period of seven years was calculated for each country. The calculation for each five-year plan is based on the output value of the trained neural Kohonen (1990) network reflecting changes in the level of FER in absolute changes in macro-economic and innovative performance for the period.
It should be noted that the neuro-fuzzy model is flexibly configurable. At the initial stage, it includes a range of quantitative and qualitative indicators allocated by experts. In the next stages the model can be modified by other indicators depending on the socio-economic and political factors. The automated system includes two levels interconnected by analysis and forecasts. This methodological approach fully fits in and develops foresight-studies technology (Syryamkin, et al., 2012) .
Development of indicators for the assessment of technological alternatives by experts, as well as selection criteria, is a separate subject of the research. At this point, it can be concluded that the content selection criteria is directly dependent on the nature of the received strategic priority of the state control. At various levels of government control different "primacy" of strategic national priorities can be identified, i.e. a major problem can be "support of basic science" or "improve living standards", "achieve high rates of economic growth", "development of education and culture", "national defence and national security". Prioritization appears to be delegated by legislative authority (Sitenko, 2010) .
To improve accuracy of the forecast an algorithm for constructing a neuro-fuzzy decision tree as a powerful evolutionary methodology for solving problems of classification was developed. The algorithm has the property of parameters adaptation using neural network modelling. In a direct cycle, fuzzy decision trees are based on the algorithm of fuzzy ID3 (the algorithm is already a part in many packages for data mining). The feedback loop parameters of fuzzy decision trees are adapted based on the gradient neural network algorithm by traversing back from the leaves to the root nodes.
Based on the Foresight survey expertise, a neuro-fuzzy decision tree that determines the list of the most promising technologies, scientific and technological areas that could form the sixth wave of innovation was built.
Thus, the system of scientific priorities and critical technologies is not linear but a hierarchically constructed multi-level, dynamic and evolutionary system that can change in accordance with the principles of adaptation to the current socio-economic situation of the global and national scale. It can take into account world trends of the scientific and technological development and faster predictive scenarios of improvement and development of scientific and technological potential of Russia.
The problem of modelling the trajectory of technological and economic development is of great interest. On the one hand, there is an extensive statistical data on macroeconomic parameters that can be formalized and evaluated. On the other hand, the subject area is so difficult to learn that traditional linear assessment is unlikely to reflect the real dynamics of FER. It is very important to choose the input parameters-indicators of FER, and to rank them according to the level of significance to the task.
Kohonen self-organizing maps have been used in order to solve this problem. The maps are used for modelling, forecasting, clustering, and finding patterns in large data sets to identify the independent features and data compression. Kohonen network training occurs by successive approximations. The inputs are supplied with prenormalized data, the network is not adjusted to the output reference value but to the consistency in input data (Kohonen, 1990 ).
The trajectory model of the techno-economic development as the dynamic range of the trained neural Kohonen networks shows the hierarchy of countries in the world portrait of the techno-economic development -the closeness in FER level to the leading country at the time of observation t. Thus, the Kohonen model is capable of understanding the structure of data through finding clusters in the space of input images. In this case, the FER trajectory can be represented in the form of time series of trained Kohonen neural networks, where each of them contains a model of the global techno-economic portrait of the year of observation t:
For each country, which occupies its position on the FER level in the trained neural network, the FER trajectory calculates the following neural network parameters: 1) actual period -the number of years elapsed from the time when the reference level of the FER parameter corresponded to the level of the observed country t; 2) perspective period -the number of years required for the country, starting with the t year, to achieve the reference level of technological development in the year of observation t; 3) conditional period -the number of years necessary for the country to enter the reference trajectory.
The value of each input parameter in the year of observation t is calculated by the trained neural network. Reduction in the set parameters and input signals of the neural network increases the speed of neural network, reduces and simplifies data collection by dropping least significant variables, facilitates explicit verbal interpretation of the results of data processing (Syryamkin, et al., 2012) .
It should be noted that the neural network model is flexibly configurable. At the initial stage, it includes a set of quantitative and qualitative parameters that were mentioned above. In the next stages the model can be modified by other characteristics on the basis of historical, cultural, psychological, climatic and other features of the country, which will be highlighted during the expert interviews. An automated circuit includes two levels that are interconnected by analysis and forecasts. This methodological approach fully fits in and develops Foresight-studies technology.
The work of the first level (analysis) begins with the development of technical specifications (TS) for monitoring and forecasting using the automated system of analysis and forecast (ASAF). Results of experts' survey and information from libraries make it possible to compile and analyse the substantial model. If this model meets the TS requirements, the task is transmitted to the second level (forecast), otherwise TS or model undergo adjustments. At the second level (forecast), after TS adjustment, simulation in the structural and parametric optimization is performed. Algorithmic and ASAF software supply is performed iteratively. For automated ASAF operation, experts complete the relevant questionnaire in electronic form on the website. The questionnaire includes two modules:
Module 1 -"Critical technologies of the sixth wave of innovation". Which of these technologies can truly claim to be the basic technologies of the new wave of innovation (WOI)? In what ways these technologies can influence the solution to global problems that have arisen within the framework of the most pressing global crises? How can we assess the impact of critical technologies on the emergence of new requirements for the knowledge and skills of the workforce and new forms of production organization? Describe the things we have to give up for the implementation of these technologies. Which sectors will be the future engines of the sixth wave of innovation and what parameters and indicators for monitoring, analysis and evaluation of trends indicating the formation of industry dominance in a new way of life should be considered?
Module 1 -"Priorities and the basic production of the sixth wave of innovation". What are the basic production of the sixth wave of innovation will be formed in the framework of these priority areas of science, technology and engineering (specify the name -from the lists (see versions) or offer your own versions)? What are the main challenges, which should be taken into account by the innovative, scientific and scientific-technological, financial and economic, and other kinds of policy of the Russian Federation to ensure a successful transition to the sixth wave of innovation?
Conclusion
The effect of identifying patterns in the neural network model provides comprehensive heterogeneous parameters that are not sufficient when applied separately. Trained mental model will calculate the weight factors and identify diagnostic decision rules "If, then", in which certain indicators carry the weight load of the solution. As a result, the task of forecasting comes to forecasting of multivariate time series where each element will be one of the related system parameters. It was shown that the most promising for the solution to these problems, in terms of efficiency, are forecast models of vector autoregression (VAR) and neural networks. According to experts of the EU, "cognitive" sciences (or neurosciences) and "smart" systems (interdisciplinary research on a wide range of issues related to mental activity) are a major challenge and the direction of development of fundamental science in the XXI century.
The experiments on test data showed that, in most cases, the proposed procedure allows increasing the accuracy of classification.
Based on many national and international scientific researches, the technique of multi-criteria selection of priority scientific and technological trends and technologies on a range of quantitative and qualitative indicators has been developed. The technology is based on the construction of neuro-fuzzy decision tree and has a rather simple but powerful strategy to improve the accuracy of classification, without damage to interpretability but with preserving the structure of the decision tree.
The developed model, in addition to the selection of promising technologies, can explain the decision-making process in a language understood by the decision-maker, in the form of extracted from the structure of the neurofuzzy decision tree fuzzy diagnostic decision rules "if ... then". Thus, this technique allows revealing the significance of the indicators (trends) for development of new technological structures, to determine the reference parameters of the social dimension of the economy.
Database mining tools are a class of hybrid systems of computational intelligence. The systems operate on the basis of the principles that are significantly different from data processing methods in conventional artificial neural networks relating to cognitive ("smart") technology. Such hybrid neurofuzzy systems possess the most powerful cognitive capacity (modeling of sensation and perception; pattern recognition, learning and memorizing of patterns in order to identify the knowledge of the data). Such systems have wider range of application than other methods of synthesis of fuzzy sets and neural networks. This is due to the fact that such systems can make full use of the "strong" side of fuzzy systems (interpretability of accumulated knowledge) and neural networks (the ability to learn on the data). Such systems not only use a priori information, they are also logically "transparent" and are able to acquire new knowledge. Therefore, they may also be related to the means for Data Mining -the computational process of discovering patterns in large data sets ("big data"). Data mining process is aimed at extracting information from a data set and transform it into an understandable structure for further use.
According to the EU experts, "cognitive" sciences (or neurosciences) and "smart" systems (interdisciplinary research on a wide range of issues related to mental activity) are a major challenge and the direction of development of fundamental science in the XXI century.
They allow one to efficiently meet the challenges of information processing when the classes to be separated have an arbitrary shape and intersect with each other, characterized by high accuracy and efficiency in the face of uncertainty, low training time, and reliability against noise.
The simulation results show that in the next 10 years Russia could achieve technological leadership in some areas of technology in which it has made visible progress (nanotechnology, nuclear industry, aerospace, information and communication technology, pharmaceuticals). Institutional and structural changes in the high-tech engineering are taking place; steps to increase funding from the state order, federal targeted programs as well as public-private partnerships are being taken.
The main objective of the new economic policy should be to create conditions in which the role of "locomotive" of economic development will gradually shift from raw materials and processing sectors to the innovation sector of the economy. The main task of modern Russia's innovative development is the development and implementation of self-government innovation policy, which is based not on blindly following the advice of foreign experts and copying foreign experience but on innovations and interests of the national economy based on the competitive advantages of Russia.
In this vein, the authors developed the model and tools, which are essential for science-based assessments and can be used by experts to evaluate the effectiveness of the automated calculation of technological projects to anticipate scientific and technological development of the state and make necessary recommendations in the political and socio-economic spheres.
The developed methods have found practical implementation in the development of the report (essay) in the Ministry of Education and Science of the Russian Federation within the framework of works on long-term forecast of the most important areas of scientific and technological development of the Russian Federation for the period until 2030.
